frequently used to reduce the tumor burden and improve the chances of local control and survival. 26, 27 The skeleton is the second most common site of RCC metastasis, and approximately 40% of bony metastases occur in the spine. 46 When RCC does spread to the spine, median survival is an estimated 10 months. 31 Spinal metastases may also result in vertebral collapse and/or epidural spinal cord compression with a significant negative impact on quality of life and survival. 21 Given the historically poor response of spinal metastases of RCC to standard systemic therapies and external beam radiotherapy, oncologists have had a low threshold for referring patients for surgical management. 17 Even with recent advances in systemic treatment 7 and radiation, 14 patients with spinal instability or disease close to the spinal cord may be best treated with surgical intervention. 32 Surgical series specifically analyzing RCC metastatic to the spine have reported a median survival ranging from 8 to 13 months. 16, 22, 25, 38 But these studies have failed to yield factors predicting survival, although long-term survivors have been documented. 22 Our objective in the current study was to analyze a large number of patients undergoing spinal surgery for RCC metastases to identify factors associated with survival. Given the somewhat variable natural history of the disease, prognostic information would be especially valuable for counseling patients and assessing treatment strategies. Patients with a more favorable prognosis may warrant more aggressive intervention, while those with limited survival may be spared from surgeries whose benefit does not outweigh the morbidity. Moreover, such an analysis may reveal novel prognostic factors that are applicable to all patients being treated for spinal metastatic disease.
Methods

Patient Population
The study was reviewed and approved by the institutional review board. We examined data from all consecutive patients who had undergone surgery for spinal metastases from RCC at The University of Texas MD Anderson Cancer Center in the period from 1993 to 2007. Prospectively collected data in the Brain and Spine Database maintained at the institution were used for this study. A retrospective review of the hospital records and radiographic studies in patients was performed. We collected data on patient demographics, date of diagnosis of the primary kidney cancer, history and date of prior nephrectomy, histopathological grade of primary tumor including Fuhrman grade of the nephrectomy specimen (when available), timing of spinal surgery relative to diagnosis, date and location of first metastasis, date and location of the spinal metastasis, previous treatments (including chemo-, immuno-, and/or radiotherapy), neurological deficits prior to spine surgery, total number of spinal and extraspinal sites, and disease status (none, concurrent, stable, or progressing) of extraspinal metastases at the time of surgery. Date of death, when available, was confirmed using the Social Security Death Index.
Preoperative Evaluation and Classification of the Status of Systemic Disease
All patients in our series were monitored by personnel in the Genitourinary Oncology Department at the MD Anderson Cancer Center, where systemic radiological investigation was performed on a regular basis every 3-4 months to restage patients and evaluate treatment efficacy or the need for additional therapy. Imaging was also performed immediately prior to spine surgery to assess overall disease status. We reviewed all imaging studies obtained before the spine surgery, which included plain radiographs; bone scans; axial CTs of the chest, abdomen, and pelvis; MR images of the spine; and, when available, CTs and MR images of the brain. All patients underwent the previously described systemic workup before surgery, and the preoperative metastatic burden was noted (number and size, which were both considered significant for analysis). The extraspinal metastatic disease was classified as present or absent. If present, it was subclassified according to 1 of 3 sites: 1) lungs; 2) visceral organs other than the lungs, including the brain; and 3) bone other than the spine. Extraspinal disease was also categorized by status: 1) concurrent, evidence of metastatic disease only on the most recent radiographic investigation prior to spine surgery; 2) progressing, evidence of enlargement or increase in number on 2 consecutive radiographic investigations prior to spine surgery, and 3) stable, no change in size or number on 2 consecutive examinations prior to spine surgery. All patients had at least 1 spinal metastasis prompting the referral for spine surgery.
Data Analysis
Frequencies and descriptive statistics of demographic and clinical variables were calculated. Data were analyzed using SPSS version 12.0.1 (SPSS Inc.). The KaplanMeier method was used to estimate postoperative survival, and survival curves were compared using a log-rank test. The Cox proportional hazards model was used to identify factors associated with survival after spine surgery at the univariate and multivariate levels. Rate ratios and their corresponding 95% confidence intervals were computed. A time-dependent covariate analysis was performed to assess the effect of a post-spine surgery metastasis on postoperative duration of survival. The Stata software (Release 10) was used for this analysis. A probability value ≤ 0.05 was considered statistically significant.
Results
Retrospective review of our database and patient charts provided all preoperative data fields and the length of survival used in our analysis. No individual was excluded. Two hundred sixty-seven patients with RCC metastatic to the spine underwent initial surgical treatment and were included in our analysis. There were 206 males (77%) and 61 females (23%). The median patient age at the time of spinal metastasis diagnosis was 58 years (range 15-86 years), and the median age at the time of surgery was 59.2 years (range 17-86 years). Experienced surgeons performed all procedures at a tertiary care can-cer center, and the surgical technique consisted of intralesional excision, typically to remove the maximum gross disease, with decompression of the spinal cord, followed by reconstruction of the affected vertebral bodies and stabilization of the spine. When feasible, preoperative embolization was performed within 36 hours before the procedure with the intent to reduce intraoperative blood loss. The median follow-up for all surviving patients was 77.9 months (range 28-158 months).
Survival After Spine Surgery
The survival rates after spine surgery at 1, 2, 3, and 5 years was 47%, 30%, 20%, and 8%, respectively. The median overall survival (OS) after spine surgery was 11.3 months (95% CI 9.5-13.0 months). The variables that did not have a significant univariate effect on OS after spine surgery were age, sex, latency between the primary and metastatic disease, latency between the primary disease and spinal metastasis, prior nephrectomy, previous radiation to the spine, and postoperative complications.
Nephrectomy Prior to Spine Surgery and Fuhrman Nuclear Grade
Overall, surgical removal of the primary kidney cancer before surgery for the metastatic spinal disease did not influence survival after the latter procedure (data not shown). Nuclear grading of the nephrectomy specimen according to the Fuhrman classification 13 was significantly associated with survival after spine surgery. Patients with a Fuhrman Grade 4 tumor had a median survival of 6.1 months (95% CI 3.5-8.7 months) after spine surgery, which was significantly lower than the 14.3 months (95% CI 9.1-19.4 months) seen when the Fuhrman grade was 3 or less (p < 0.001, log-rank test), with a univariate HR of 2.4 (95% CI 1.6-3.5, p < 0.001, Cox proportional hazards model; Fig. 1A ).
Adjuvant Systemic Therapy Prior to Spine Surgery
One hundred eighteen patients (44%) had prior immuno-or chemotherapy before the spine surgery. The median survival for these patients after spine surgery was 8.5 months (95% CI 6.5-10.6 months), significantly lower than the 13 months (95% CI 10.0-15.8 months) observed in the 149 patients (56%) who had the spine surgery before any systemic treatments (p = 0.009, log-rank test).
Radiation Therapy Prior to Spine Surgery
Radiation therapy was administered to 99 patients (37%) as initial treatment for the spinal metastasis. The median interval between radiation and surgical treatment was 4 months (range 0.2-46 months). The median survival of patients who had prior radiation therapy for the spine disease was 10.8 months (95% CI 7.6-13.9 months), which was not statistically different from the 11.1 months (95% CI 8.9-13.2 months) when surgery was the first local treatment for the spinal metastasis (p = 0.49, log-rank test). The complication rate after surgery was not influenced by history of radiation therapy. We observed complications in 23 (14%) of 168 patients who did not have radiation prior to the spine surgery and in 12 (12%) of 99 patients who did.
Neurological Status Prior to Spine Surgery
Preoperative neurological deficits (Frankel grade < E) were present in 50 patients (19%). These patients had a median survival of 5.9 months (95% CI 4.1-7.7 months) after spine surgery, which was significantly shorter than the 13.5 months in the remaining 217 cases (81%) with normal neurological examinations (95% CI 10.4-16.6 months, p < 0.001, log-rank test). For this variable, a univariate HR of 2.3 (95% CI 1.6-3.1, p < 0.001, Cox proportional hazards model) was observed (Fig. 1B) .
Extent of Spinal Metastatic Disease
The extent of spinal metastatic disease at the time of the spine surgery was measured according to the regions involved and the number of vertebral levels affected. The thoracic spine was the most common location of spinal metastasis. We observed thoracic metastasis in 177 patients (66%). The lumbar spine was the second most affected site in 88 patients (33%); followed by the cervical spine in 29 (11%) and the sacrum in 19 patients (7%). Patients with disease in the cervical spine had a median survival of 7 months (95% CI 4.5-9.5 months), which was significantly lower than the survival of patients with disease elsewhere, who had a median survival of 11.7 months (95% CI 9.8-13.7 months, p < 0.02, log-rank test). The total number of spinal sites (contiguous vertebral levels treated as 1 site) affected by metastatic disease was a factor that influenced survival after spinal surgery only when there were 4 or more distinct sites of spinal disease. In the 11 patients in whom this observation was made, the median survival was 4.4 months (95% CI 0.0-14.2 months), which was lower than the 11.3 months (95% CI 9.4-13.1 months) in the 256 patients who had 3 or fewer affected spinal sites (p = 0.05, log-rank test).
Metastatic Disease Restricted to the Spine at the Time of Spine Surgery
The spine was the only site of metastasis at the time of surgery in 70 patients (26%), and the median survival for this group was 19 months (95% CI 9.8-28.2 months). Of note, there were 9 patients with an extraspinal metastasis that had been resected without recurrence prior to spine surgery; these patients were considered to have an extraspinal site that was stable. The 197 patients (74%) with evidence of extraspinal disease at the time of surgery had a median survival of 9.7 months (95% CI 8.1-11.3 months), which was significantly shorter than survival in the group with metastatic disease restricted to the spine (p = 0.002, log-rank test). The univariate HR observed for metastatic disease restricted to the spine was 0.6 (95% CI 0.5-0.8, p = 0.001, Cox proportional hazards model). The Kaplan-Meier estimate of survival is depicted in Fig. 1C .
Latency of Systemic Metastasis After Spine Surgery for Patients With Solitary Spinal Metastasis
Of the 70 patients with disease only in the spine, 44 had an isolated, single site (solitary metastasis) at the time of spine surgery. Their median survival of 23.9 months was significantly longer than the 11.5 months observed in the remaining 26 patients with 2 or more spinal disease sites (p = 0.007, log-rank test). The group of 44 patients was evaluated to determine if additional metastasis had appeared after spine surgery, which occurred (extraspinal or separate spinal site) in 33 individuals (75%). The median time for the additional metastasis to develop was 12.2 months (95% CI 2.1-22.3 months). The Kaplan-Meier estimates of the proportions having another metastasis were 14% at 3 months, 34% at 6 months, and 48% by 1 year after surgery. The Kaplan-Meier estimate of the proportion having an additional metastasis by the last follow-up was 82%. In a time-dependent covariate analysis, the presence of an additional metastasis after spine surgery was associated with a decreased postoperative duration of survival (HR 4.2, 95% CI 1.8-9.8, p = 0.001, Cox proportional hazards model). Of the 44 patients, 11 (25%) died within 1 year of the spine surgery.
Number of Extraspinal Sites of Metastasis at the Time of Spinal Surgery
The most common location of metastases (in addition to the spine) was the lungs (124 patients [46%]), followed by bone other than the spine (119 patients [45%]), and visceral organs other than the lung and including the brain (75 patients [28%]).
Based on these 3 groupings, the total number of extraspinal metastatic sites (0, 1, 2, or 3) at the time of spine surgery was a strong predictor of survival. Of note, there were 9 patients with an extraspinal metastasis that had been resected without recurrence prior to the spine surgery. These patients were considered to have an extraspinal site that was stable. In the 70 patients with disease restricted to the spine (no extraspinal site), the median survival of 19 months (95% CI 9.8-28.2 months) was significantly longer than the 8.4 months (95% CI 5.7-11.1 months) observed in the 77 patients (29%) with a spine metastasis plus 2 extraspinal sites, and the 4.8 months (95% CI 2.5-7.1 months) in the 23 patients (9%) with a spine metastasis plus 3 extraspinal sites (p < 0.001, logrank test). The location of the extraspinal metastasis did not influence survival after spine surgery.
Status of the Systemic Disease at the Time of Spine Surgery
Seventy patients (26%) had no evidence of extraspinal metastasis, 38 (14%) had stable systemic disease, and 63 (24%) had concurrent extraspinal metastasis (discovered at the time of spinal surgery and therefore growth status could not be determined (95% CI 7.2-25.1) seen in the 63 patients with concurrent extraspinal metastasis (p = 0.42, log-rank test). Therefore, to simplify our analysis, we combined these 171 patients into a group with "nonprogressing" extraspinal disease. This group had a median survival of 20.6 months (95% CI 15.1-26.1 months).
Progressive extraspinal metastasis was observed in the remaining 96 patients (36%) at the time of spine surgery. The median survival after spine surgery in these patients was 5.6 months (95% CI 4.4-6.8 months) and was significantly lower than the 20.6 months observed in the nonprogressing group. A univariate HR of 4.1 (95% CI 3.1-5.4, p < 0.001, log-rank test) was observed for the status of systemic metastasis at spine surgery (Fig. 1D) .
Perioperative Complications and Recurrence Rate
Complications occurred in 35 (13%) of the 267 patients. In order of frequency, they were wound-related complications (11), pneumonia and sepsis (7), CSF leak (4), hardware failure (4), postoperative cauda equina syndrome (3), Ogilvie syndrome (1), neurogenic bladder (1), paraplegia (1), stroke (1), myocardial infarction (1), and epidural hematoma (1) . The occurrence of complications did not affect survival after spine surgery. The 30-day mortality rate was 3% (9 cases total, 3 of which were directly attributable to the spine surgery). Patients who experienced a postoperative complication had a median survival of 10.2 months (95% CI 4.5-16.0 months), compared with 11.7 months (95% CI 9.8-13.6) in the 232 patients who did not have an adverse event related to spine surgery (p = 0.41, log-rank test).
The RCC recurred after the initial surgical treatment in 41 cases (15%), and 36 of these cases had a second operation to decompress the spinal cord. The median survival of patients in these cases was 9.7 months.
Multivariate Analysis
The multivariate analysis revealed 3 significant variables associated with poor survival after spine surgery (Table 1). A Fuhrman Grade 4 (original) nephrectomy specimen was associated with an HR of 1.8 (95% CI 1.2-2.6, p < 0.003, multivariate Cox proportional hazards model) as compared with RCC grades lower than 4. Patients with neurological deficits before spine surgery had an HR of 1.8 in the same model (95% CI 1.2-2.7, p < 0.002) compared with the patients without deficits. But the factor most significantly associated with a poor survival outcome following spine surgery was radiographic progression of extraspinal metastasis prior to the spine surgery. This variable had an HR of 4.1 (95% CI 2.9-5.8, p < 0.001).
Discussion
Patients with renal cell carcinoma (RCC) and metastatic disease have been reported to have a median survival of 10 months. 31 However, the natural history of this condition can be quite variable, with some patients experiencing aggressive systemic progression and others presenting a more indolent course with long-term survival.
We focused our analysis on the outcome of 267 individuals who had received surgical treatment for metastatic RCC to the spine. The median OS after spine surgery was 11.3 months, consistent with previous reports in the literature ranging from 8 to 13 months. 16, 22, 25, 38 Our study is unique in terms of identifying several preoperative factors associated with improved survival after spine surgery ( Table 1 ). The strongest factors included a nephrectomy specimen with a Fuhrman nuclear grade lower than 4, the absence of preoperative neurological deficits, and the lack of radiographic progression of extraspinal metastatic disease at the time of spine surgery.
Our analysis revealed interesting prognostic information not previously reported in the literature. Despite evidence that a nephrectomy followed by immunotherapy prolongs survival in patients with metastatic RCC, 11, 34 we were unable to demonstrate that removing the primary disease prior to the spine surgery improved survival in our sample, even in cases of isolated spinal metastasis. Therefore, we do not necessarily urge patients who present with a concurrent diagnosis of primary kidney cancer and spine metastasis to undergo a nephrectomy before or at the time of the spine surgery.
When a nephrectomy specimen was available, we found the Fuhrman nuclear grade 13 to be a strong predictor of survival. In brief, this is a 4-tiered histological grading system based on nuclear morphology (nuclear size, nuclear shape, and nucleolar appearance) and assigned to the original nephrectomy specimen and is a well-established prognostic factor for the primary tumor. 9, 10 The estimated annual growth rate of a metastatic lesion is higher than that for the primary disease, 33 and there is a direct correlation between the Fuhrman nuclear grade of the primary tumor and the growth rate of systemic disease. 5 To our knowledge, this report is the first to demonstrate the impact of Fuhrman grading on prognosis following surgery for spinal metastasis. Our multivariate analysis revealed that individuals with Fuhrman Grade 4 RCC had a significantly shorter survival than those with Grade 3 or lower, probably reflecting the more aggressive biological behavior of the underlying primary tumor.
The role of radiation therapy in the management of spinal metastasis is well established; 8, 15 however, RCC is a relatively radioresistant histology, 17 and the absence of local control with standard external beam radiation is reflected in our series by a median time of only 4 months to surgery after conventional radiation. Spinal stereotactic radiotherapy has emerged as a very promising treatment modality, and excellent control rates have been demonstrated in recent publications. 14, 32, 45 But this treatment modality is not generally feasible in the setting of symptomatic spinal cord compression, 14 and even with improved, high-dose, conformal radiation techniques, local control of RCC is poor when underdosed due to close proximity to the spinal cord. 4 Therefore, this technique is not a substitute for surgery but another weapon in the therapeutic armamentarium against spinal metastatic RCC. Most of our patients were treated before stereotactic spinal radiotherapy was widely available. It is unclear whether the use of this more conformal radiation modality in either the preoperative or postoperative setting will have any effect on the OS of these patients following surgery. Evaluation of its impact on surgical patients will need to be addressed in future studies.
Regarding adjuvant systemic therapy, we recognize that significant progress is ongoing with the development of targeted therapies, specifically tyrosine kinase inhibitors, monoclonal antibodies, and mTOR inhibitors. 7 Today, the type and sequence of these treatments is highly variable from patient to patient. Most of our patients underwent surgery prior to the introduction of these new modalities, and since our study focuses on prognostic variables known at the time of surgery, we were unable to evaluate the impact of the postsurgical administration of these agents. Overall, we observed that patients who had undergone spine surgery before receiving chemo-or immunotherapy experienced a longer survival than those who had received these adjuvant therapies before spine surgery. The benefit of resection prior to biological therapy is documented in nodal and lung metastasis 3 and could be inferred from our study. However, this observation may also reflect a selection bias, since patients in whom these regimens failed may have had more aggressive disease and fewer remaining treatment options after surgery.
Functional status is always a concern when dealing with spinal tumors, and the presence of neurological deficits predicts a poor prognosis in metastatic spinal disease. 21, 25, 37 In their well-known surgical scoring system, Tokuhashi et al. listed the presence of neurological impairment as 1 of 6 critical factors affecting prognosis in patients undergoing surgery for spinal metastasis. 40 Our findings clearly provided additional support for this notion, and we believe the best timing for a surgical intervention is prior to the development of neurological dysfunction. We observed in our multivariate analysis that median survival after surgery is significantly longer in patients with normal examinations than in those with compromised function (Fig. 1B) .
Considering the biomechanical and functional implications associated with malignant disease affecting the spine, the presence of tumor in multiple spinal sites increases complexity and influences the extent of surgery. Interestingly, we found that multifocal disease in the spine was a negative prognostic factor only when 4 or more distinct sites (adjacent level considered a single site) were affected. Therefore, surgical treatment should not be precluded or limited based on the number of spinal foci, as even patients with 2 or 3 sites of spinal involvement could have reasonable survival. In terms of location, as we have noted for other histologies, 1,36 the cervical spine was associated with a worse prognosis, perhaps because neurological dysfunction related to higher spinal cord levels is more severe than that related to caudal regions. Alternatively, cervical metastatic disease may be more difficult to eradicate because of the local anatomical complexity of this region.
In the context of systemic disease, the association between tumor burden and poor survival has been described. 12, 18, 28, 31 Series that focus on metastasis to nodes, 3 lung, 35 and bone 2, 29, 43 have documented longer survival after surgical treatment of oligometastatic disease. This finding holds true in our analysis. We observed that individuals with metastatic disease restricted to the spine had significantly longer survival than patients with additional extraspinal disease (Fig. 1C) . In particular, we examined a subgroup of 44 patients whose metastatic disease was limited to a solitary spinal site. The median survival after spine surgery (23.9 months) in this group was significantly better than in patients harboring multiple spinal sites regardless of their location. This result is consistent with other reports focusing on surgical management of a solitary metastasis from RCC. 39, 42 Given this longer survival, some authors have advocated en bloc resection, arguing that eradication of the single active site of disease may play a role in improving quality of life and even survival. 2, 20, 27, 29, 44 We offer what we believe is the first report providing information about the natural history of surgical patients presenting with a solitary metastasis of RCC to the spine. We found that 75% of these cases will develop an additional disease site (spinal or extraspinal) within a median interval of 12.2 months after the initial spine surgery. This observation may be used to support a more conservative initial approach in patients with isolated spinal metastasis, such as watchful observation, initiation of or change in chemotherapy regimen, or administration of stereotactic radiosurgery for the purpose of local control. Continued observation of these individuals may shed light on the natural history of the disease and allow more judicious use of aggressive surgery.
One of the most interesting aspects of our analysis relates to patients presenting with spinal metastasis in the context of extraspinal disease. In general, the location of the systemic disease is considered to have prognostic relevance since patients with metastases to the lungs tend to have better survival than patients with bony metastases. 12 Our results are contrary to the assumption that an extraspinal disease location affects outcome given that we found no difference in survival after spinal surgery in patients with metastatic deposits in the lungs versus nonspinal bone versus visceral organs including the brain.
The extent of systemic involvement is one of the most important considerations in the management of patients harboring malignant neoplasia. Not surprisingly, it is a critical component of the 2 most widely used scoring systems predicting survival after surgical treatment of spinal metastasis. 40, 41 One hundred ninety-seven of our patients (74%) presented with other extraspinal sites of metastasis at the time of spine surgery, and as predicted by those scoring systems, our univariate analysis confirmed that the number of sites (grouped as lung, visceral organs including brain, and bone other than spine) in addition to a spinal metastasis influenced survival (Table 2) . Patients with 0, 1, 2, or 3 sites of extraspinal metastasis had a median survival of 19.5, 13.4, 8.6, and 4.5 months, respectively. Therefore, our data support the notion that patients with a significant systemic burden are less likely to benefit from extensive surgery.
We believe that knowledge of the biological activity of the systemic metastatic disease is an important piece of information when treating patients with spinal metastasis. The scoring system proposed by Tomita et al. 41 recognizes "untreatable" visceral metastasis as a negative predictor of survival and is similar to the system developed by Tokuhashi et al., 40 which lists "nonremovable" involvement of visceral organs as a poor indicator of outcome. Unfortunately, these distinctions are somewhat subjective and may have nonuniform interpretation among surgeons and oncologists, especially between those practicing in specialized cancer centers and those working in smaller community hospitals. To our knowledge, a direct prognostic association between progressing metastatic lesions and survival after surgical treatment has not been reported, and this is a far more objective assessment. Patients with evidence of radiographic progression of extraspinal metastasis prior to spine surgery had a significantly lower median survival than patients with nonprogressing disease (Figs. 1D and 2) . We believe that this information is critical since it allows objective identification of a subcategory of individuals with systemic disease that is expected to have a more aggressive course and faster progression and is associated with a decreased survival benefit following extensive surgical interventions aiming for local control of the spinal disease.
We identified several important prognostic variables; however, our study is subject to the weaknesses of a retrospective analysis, specifically the lack of a control or nonsurgical group for comparison. The intraoperative and perioperative events were not controlled or randomized; for example, not all patients underwent preoperative embolization and neither did the same surgeon perform Fig. 2 . Progression of metastatic disease. Upper: Consecutive CT scans of the chest obtained prior to spine surgery, demonstrating an increase in the size of a metastatic nodule on the posterior lobe of the right lung (arrows). These images were obtained in a patient who survived 4.8 months after spine surgery. Lower: Bone scintigrams demonstrating an increase in the number of metastatic lesions in 2 consecutive examinations before spine surgery. These images were obtained in a patient who survived 4.9 months after spine surgery. all surgeries. Moreover, the postoperative systemic treatment was performed according to the preferences of the medical oncology teams. A prospective controlled study would be helpful in confirming our observations.
Conclusions
Despite the overall poor prognosis associated with metastatic RCC to the spine, there is individual variability in the biological behavior of this condition. We analyzed a large cohort of patients that underwent spine surgery for metastatic RCC and identified a series of factors affecting survival after surgical treatment. We report, for the first time, that a higher Fuhrman grade for the original nephrectomy specimen was a strong indication of the inherently aggressive biological behavior of the underlying disease. Patients with Fuhrman Grade 4 RCC had significantly worse survival after spine surgery than patients with Grade 3 or less RCC. As expected, preoperative functional status significantly affected survival after spine surgery, and patients with neurological dysfunction had a worse outcome than individuals without such impairment. Finally, we demonstrated that patients undergoing spine surgery for metastatic RCC restricted to the spine have better survival than those harboring extraspinal disease. We emphasize that knowing the extent and status of the systemic burden has prognostic significance, as radiographic progression of systemic disease before surgery had a strong negative effect on survival after surgery. Physicians treating patients with metastatic RCC to the spine should be aware of these variables and use this information to tailor the aggressiveness of the surgical treatment to optimize palliation and survival in these patients.
